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Thirteen patients with left atrioventricular (A V) valve 
atresia and a normal aortic root were studied to evaluate 
the status of the interatrial communication with ad•
vancing age. Six patients had cardiac catheterization 
within the first 2 weeks of age; of these, five had repeat 
studies before 7 months of age. The seven other patients 
initially underwent catheterization after 2 weeks of age. 
In the group with catheterization before 2 weeks of age, 
the mean left atrial pressure was 7.8 ± 5.5 mm Hg and 
the left atrial-right atrial mean pressure gradient was 
1. 7 ± 2.4 mm Hg. In the combined group of patients 
with catheterization after 2 weeks of age, the mean left 
atrial pressure was 25.9 ± 5.6 mm Hg and the mean 
left atrial-right atrial pressure gradient was 21.1 ± 5.1 
mm Hg. Seven of the 13 patients have survived and have 
Atresia of the left atrioventricular (A V) valve in combination 
with a patent aortic root is an uncommon but severe form 
of congenital heart disease, most often occurring in the 
context of a single ventricle with an accessory chamber 
(1-6). The natural history of patients with this condition 
differs from that of patients with atresia of both the mitral 
and aortic valves (hypoplastic left heart syndrome) in that 
survival beyond the neonatal period is more likely without 
radical surgical procedures. Depending on the status of the 
pulmonary outflow tract, palliative procedures such as pul•
monary artery banding or systemic to pulmonary artery shunts 
are often required to control pulmonary artery blood flow. 
Atrial septectomy or septostomy has been advocated in these 
patients in the presence of foramen ovale obstruction (4,6-8). 
This study describes rapid obstruction of the foramen ovale 
after documentation of apparent adequate patency by cardiac 
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now reached a median age of 6.5 years. Balloon atrial 
septostomy was adequate for long-term survival in one 
patient; all of the others have required surgical atrial 
septectomy. 
Progressive obstruction of the foramen ovale is part 
of the natural history of left A V valve atresia, and ob•
struction develops despite the absence of a left atrial•
right atrial gradient during newborn study. Balloon atrial 
septostomy is recommended during the neonatal period 
in all patients with left A V valve atresia, even in the 
absence of an interatrial gradient. Because early surgical 
atrial septectomy is usually necessary for long-term sur•
vival, these patients should have serial noninvasive eval•
uation of the patency of the interatrial communication. 
(J Am Coll CardioI1986;7:1099-103) 
catheterization in the neonatal period and stresses the im•
portance of early management of this condition. 
Methods 
Study patients. The study group consisted of 13 patients 
with left A V valve atresia who were treated between 1970 
and 1984. All patients had situs solitus and levocardia; 10 
were male and 3 female. One patient has been described 
previously (9). The patients met the following anatomic 
criteria: 1) atresia of a left-sided A V valve, either an absent 
left atrial to ventricular connection or an imperforate A V 
valve (6,10,11); 2) a patent aortic outflow tract, sustaining 
blood flow into the aortic arch; and 3) two atria separated 
by an atrial septum. The absent or imperforate A V valve 
could be either the mitral valve, in patients with A V con•
cordance ("mitral atresia"), or the tricuspid valve, in those 
with A V discordance ("tricuspid atresia with I-transposi•
tion"). Infants with either common atrium, endocardial 
cushion type defect or the combination of aortic and A V 
valve atresia were excluded. Left A V valve atresia was 
confirmed by cardiac catheterization and angiography in all 
13 patients; the defect was demonstrated at autopsy in 5. 
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Statistics. Data are presented as mean ± SD. Statistical 
analyses of results were performed using the Student t test 
for either paired or unpaired observations. 
Results 
Anatomic diagnoses. Nine patients had atresia of the 
mitral valve with A V concordance and four had atresia of 
the tricuspid valve with AV discordance. Ventricular anat•
omy was variable and includes eight patients whose dom•
inant ventricle was a morphologic right ventricle, and four 
patients whose main ventricle was a morphologic left ven•
tricle. In one patient the single A V valve opened into two 
ventricles of substantial size. Two separate ventricles were 
seen in all of the patients, although in the majority there 
was a single functioning chamber with a small accessory 
chamber. Ventricular anatomy and significant associated 
cardiac defects are listed in Table I. 
Clinical presentation. The patients are classified into 
two groups: those first undergoing cardiac catheterization 
before 2 weeks of age (Group I) and those first undergoing 
catheterization after 2 weeks of age (Group II). There were 
six patients in Group I. Five of the six were symptomatic 
as a result of associated lesions; two presented with conges•
tive heart failure complicated by coarctation of the aorta 
and three had severe hypoxemia due to pulmonary outflow 
obstruction. 
Group II consisted of seven patients who first underwent 
catheterization between 19 days and 3 months of age. All 
Table 1. Associated Cardiac Defects in 13 Patients With Left 
Atrioventricular Valve Atresia 
No. of Patients 
Ventricular and great vessel anatomy 
Right atrium connects with morphologic 
right ventricle 
Normally related great vessels 
D-transposition 
Right atrium connects with morphologic 
left ventricle 
L-transposition 
Right atrium connects with both the right and 
left ventricles 
Normally related great vessels 
Pulmonary outflow tract 
Unobstructed 
Pulmonary atresia 
Pulmonary stenosis 
Other lesions 
Patent ductus arteriosus 
Coarctation of the aorta 
Subaortic stenosis 
Partial anomalous pulmonary venous drainage 
Juxtaposition of the left atrial appendage 
Left superior vena cava 
8 
4 
10 
2 
5 
3 
2 
5 
3 
4 
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seven appeared to be symptomatic as a direct result of left 
A V valve atresia and an inadequate left atrial-right atrial 
communication. 
Cardiac catheterization. Group I. The median age at 
the time of catheterization was 3 days (range 2 to 12). Mean 
left atrial pressure was 7.8 ± 5.5 mm Hg (range 7 to 17). 
One patient with a left atrial pressure of 7 mm Hg had 
evidence of foramen ovale obstruction, documented by a 6 
mm Hg gradient between the left and right atrium. This 
patient had a balloon atrial septostomy and subsequently 
required surgical septectomy at 2 months of age. In five 
other patients in Group I the mean pressure gradient between 
the left and right atria was low, 0.80 ± 1.3 mm Hg (range 
o to 3), and these patients did not have a balloon atrial 
septostomy. Four of these patients had surgery soon after 
the initial catheterization: coarctectomy in one, pulmonary 
artery banding and coartectomy in one, Waters ton shunt in 
one and Blalock-Taussig shunt in one. The five patients 
with a low initial interatrial pressure gradient had a second 
cardiac catheterization at a mean age of 3.2 ± 2.3 months 
(range I to 7). Left atrial pressure and left atrial-right atrial 
pressure gradients were obtained in four patients. The mean 
left atrial pressure had increased from 8.0 ± 6.1 to 28.25 
± 5.3 mm Hg (p < 0.05) (Fig. I). The mean gradient 
between the left and right atria increased from 0.8 ± I. 3 
to 23.24 ± 4.7 mm Hg (p < 0.01) (Fig. 2). In one patient 
the left atrium could not be entered at the time of repeat 
catheterization because of a very small interatrial commu•
nication. This patient, who also had juxtaposition of the left 
atrial appendage, died 4 weeks after an opening was sur•
gically created between the atrial appendages. At postmor•
tem examination the foramen ovale was 2.5 mm in diameter. 
Group II. Seven other patients had an initial cardiac 
catheterization after 2 weeks of age. The median age at the 
Figure 1. Increase in left atrial pressure with advancing age in 
four patients with left atrioventricular valve atresia. Dashed line 
indicates inability to enter the left atrium at the second cardiac 
catheterization; pressure was assumed to be elevated. PA = pul•
monary artery. 
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Figure 2. Increase in left atrial-right atrial mean pressure gradient 
with advancing age in four patients with left atrioventricular valve 
atresia. Dashed line indicates inability to enter the left atrium at 
the second cardiac catheterization; pressure was assumed to be 
elevated. 
time of study was 2.0 months (range 19 days to 3 months). 
The left atrium was entered in six patients. Mean left atrial 
pressure was 24.3 ± 5.6 mm Hg. Mean left atrial-right 
atrial gradient was 19.6 ± 5. 1 mm Hg. In one patient the 
left atrium could not be entered and at surgery a 1 to 2 mm 
interatrial opening was found. In this group of patients the 
left atrial pressure was not recorded during the first 2 weeks 
of life. 
Groups I and II. All patients from Groups I and II who 
underwent catheterization after 2 weeks of age had elevated 
left atrial pressure and evidence of severe interatrial ob•
struction. Mean left atrial pressure in all patients studied 
after 2 weeks of age (n = 10) was 25.9 ± 5.6 mm Hg and 
the mean left atrial-right atrial pressure gradient was 21.1 
± 5.1 mm Hg. 
Balloon atrial septostomy and surgical septectomy. 
Eight patients had a balloon atrial septostomy at a mean 
age of 1.8 months (range 3 days to 3.5 months). The effect 
Figure 3. Effect of balloon atrial septostomy on the left atrial•
right atrial mean pressure gradient in seven patients with left atrio•
ventricular valve atresia. 
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of the procedure on the interatrial pressure gradient is shown 
in Figure 3. Mean left atrial-right atrial pressure gradient 
before balloon atrial septostomy was 22.1 ± 4.2 mm Hg 
and after the procedure it decreased to 7.7 ± 5.3 mm Hg 
(p < 0.01). Although all patients had a decrease in the 
interatrial pressure gradient after the septostomy, the gra•
dient remained greater than 5 mm Hg in five of the seven 
patients in whom it was measured. Prolonged reduction of 
the left atrial-right atrial pressure gradient after septostomy 
occurred in only two patients; one required surgical septec•
tomy 3 years after septostomy and the other has had adequate 
relief of interatrial obstruction for 14 years after the pro•
cedure. 
Ten patients had surgical atrial septectomy. Five of the 
six patients in whom balloon septostomy did not provide 
long-term relief of interatrial obstruction had a surgical atrial 
septectomy 1 to 10 months after the septostomy. The atrial 
septectomy was performed under direct vision in seven pa•
tients and three had a Blalock-Hanlon procedure. Median 
age at the time of septectomy was 7 months (range 1.5 
months to 18 years). The mean interatrial gradient in five 
patients who were studied at a median age of 22 months 
after surgical atrial septectomy was 0.5 mm Hg (range 0 to 
2), consistent with effective relief of the interatrial obstruc•
tion. 
Pulmonary artery banding or shunt procedures. 
Eight of the 13 patients had pulmonary artery banding and 
2 had a systemic to pulmonary artery shunt procedure. Four 
of the patients who had pulmonary artery banding and both 
infants who had a systemic to pulmonary artery shunt had 
these operative procedures before documentation of foramen 
ovale obstruction. These six infants showed progressive de•
terioration and demonstrated signs of obstruction of the fo•
ramen ovale after operation. In contrast, three patients had 
simultaneous surgical atrial septectomy with pulmonary ar•
tery banding and their condition improved dramatically after 
surgery. Another infant had a surgical atrial septectomy, 
and then had a pulmonary artery band placed 1 month later 
with good results. 
Morbidity and mortality. Six patients died (median age 
at death 4.5 months, range 1.5 months to 18 years) and the 
remaining 7 of the 13 patients are alive (median age 6.5 
years, range 4 to 15). The association of surgical procedures 
with survival is outlined in Table 2. All of the survivors 
have had a procedure to relieve the interatrial pressure gra•
dient. Long-term palliation has been achieved with a Glenn 
procedure in one patient, a Fontan type repair in two patients 
and cardiac transplantation in one patient. Transplantation 
was carried out because of a later superimposed severe car•
diomyopathy. Five patients are symptom-free with virtually 
no limitations. The remaining two children continue to have 
moderate cyanosis with some restriction of activities, and 
are uncertain candidates for further palliation. 
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Table 2. Procedures and Outcome in 13 Patients 
Case BAS SAS PAB SAS/PAB Other Outcome Age 
+ + Coarctation Died* 5 mo 
repair 
2 + + + Died* 4 mo 
3 + + Coarctation Died 1.5 mo, CHF 
repair 
4 Shunt Died 4 mo, CHF, Hyp 
5 + Carp Died 18 yr, CHF, PYOD 
6 + + Fontan Died* 22 mo 
7 + + + Transplant Alive 3 yr 
8 + + + Coarcation Alive 8 yr 
repair, Glenn 
9 + + + Fontan Alive 15 yr 
10 + + + Alive 4 yr 
11 + + + Fontan Alive 5 yr 
12 + + + Alive 12 yr 
13 + Shunt Alive 14 yr 
*Perioperative death. BAS = balloon atrial septostomy; Carp = Carpentier ring/insufficient right atrio-
ventricular valve; CHF = congestive heart failure; Hyp = hypoxia; PAS = pulmonary artery banding; PYOD 
= pulmonary vascular obstructive disease; SAS = surgical atrial septectomy; SAS/PAB = simultaneous 
procedures; + = procedure performed. 
Discussion 
The combination of left-sided A V valve atresia and a 
patent aortic outflow tract is rare. Because successful long•
term palliation in many of these patients is now possible 
with modifications of the Fontan procedure, early diagnosis 
and timely intervention are extremely important to allow 
prolonged survival and prevent pulmonary vascular obstruc•
tive disease. 
Obstruction of pulmonary venous flow due to inadequate 
communication between the left atrium and right atrium is 
a well known complication of left-sided A V valve atresia 
(3,4,12). Unless an atrial septal defect is present, progres•
sive obstruction of the foramen ovale causes pulmonary 
venous hypertension in these patients. Dramatic improve•
ment after enlargement of the atrial septal defect by balloon 
atrial septostomy (13), knife atrial septectomy (14,15) or 
surgical atrial septectomy (16) has been described. 
Natural history. The increase in the interatrial pressure 
gradient seen with advancing age described in our patients 
illustrates the natural history of obstruction of the foramen 
ovale in patients with left A V valve atresia. Of six patients 
who underwent cardiac catheterization during the first 2 
weeks of life, only one had evidence of obstruction of the 
foramen ovale. Five patients had a low left atrial-right atrial 
pressure gradient, and all had progressive interatrial ob•
struction within a short period of time. The remaining pa•
tients in the series also had direct or indirect evidence of 
severe foramen ovale obstruction when studied after the 
early neonatal period. 
Data on selected patients from other series document or 
suggest a natural history similar to that found in our study. 
Left atrial pressures were reported in nine patients with left 
A V valve atresia during the first 2 weeks of life in three 
studies (4, 12, 17). Mean left atrial pressure in this group 
was 9.0 ± 5.0 mm Hg (range 2 to 18). In contrast, in 35 
patients whose pressure was measured after 2 weeks of age, 
the mean left atrial pressure was 19.7 ± 9.1 mm Hg (range 
2 to 28) (1,4,6,17-19). In addition, Park et al. (15) reported 
a mean left atrial pressure of 24 mm Hg in seven other 
patients between 1 month and 12 years of age. 
Cases have been included in previous reports of left A V 
valve atresia and a patent aortic root (4,6,14) in which the 
left atrial pressure was documented to be low and then 
increased with advancing age. Two patients had nonnalleft 
atrial pressure during neonatal catheterization and developed 
left atrial hypertension 2 and 7 months, respectively, after 
the initial catheterization (4,14). Two other patients were 
shown to have a significant interatrial pressure gradient 3 
and 9 years after an initial catheterization in infancy (6). 
Closure of a foramen ovale after an apparently adequate 
balloon atrial septostomy in the neonatal period was reported 
in two studies (6,12). The authors stressed the need for 
serial cardiac catheterizations to assess the left atrial pressure 
and degree of opening of the foramen ovale. 
Causes of rapid left atrial-right atrial obstruction. 
There are several possible explanations for the rapid de•
velopment of left atrial-right atrial obstruction in infants with 
left A V valve atresia. The quantity of pulmonary blood flow 
may increase between the neonatal and the infant catheter•
izations as a result of changes in the balance of pulmonary 
to systemic vascular resistance, the foramen ovale may be•
come smaller, or both may occur. In our patients the left 
atrial pressure rose regardless of intervening palliative sur•
gical procedures to increase or decrease pulmonary blood 
flow. In two patients the initial catheterization was followed 
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by surgery that decreased pulmonary blood flow: repair of 
coarctation of the aorta with ligation of the ductus arteriosus 
in one patient and banding of the pulmonary artery and 
coarctectomy in the other, In two other patients the inter•
atrial obstruction became manifest shortly after a systemic 
to pulmonary artery shunt procedure. Similar patients who 
had the onset of congestive heart failure and signs of pul•
monary venous obstruction after creation of a systemic to 
pulmonary artery shunt have been described (7,8,17). 
Diagnosis. In patients with left A V valve atresia and a 
restrictive foramen ovale, the clinical signs and chest X-ray 
findings of pulmonary venous congestion may be quite sim•
ilar to those in patients with symptoms of increased pul•
monary blood flow. Without knowledge of the natural his•
tory of foramen ovale obstruction, a misdiagnosis of "too 
large a shunt" or an "inadequate pulmonary artery band" 
may be made. The possibility of pulmonary venous conges•
tion secondary to a restricted interatrial opening should not 
be overlooked because of the documentation of a lack of a 
significant pressure gradient during neonatal catheterization. 
Obstruction can be demonstrated by echocardiography on 
visualization of a small interatrial orifice and bowing of the 
interatrial septum, and the diagnosis may be confirmed at 
cardiac catheterization by the finding of a large left atrial•
right atrial pressure gradient. 
Treatment. We recommend that patients with left AV 
valve atresia have a balloon atrial septostomy during the 
neonatal catheterization even though no pressure gradient 
is demonstrated at that time. Although balloon atrial sep•
tostomy causes an immediate decrease in the interatrial gra•
dient in patients with left A V valve atresia, relief of ob•
struction may be only temporary. This may be a consequence 
of the inability to adequately tear the thickened interatrial 
septum usually seen in these patients (11,14) or a result of 
their advanced age at the time of balloon atrial septostomy, 
as seen in the majority of our patients (20). Patients should 
have frequent reassessment of the size of the interatrial septal 
defect by echocardiography despite lack of any significant 
changes in symptoms. This is especially important for pa•
tients who have undergone surgical procedures to increase 
or decrease pulmonary blood flow. If clinical or echocar•
diographic and catheterization findings suggest a diminution 
in the size of the interatrial opening, the obstruction must 
be adequately relieved either by balloon or knife septostomy 
or by surgical septectomy. If a significant interatrial ob•
struction is present at the time a pulmonary artery banding 
or pulmonary artery shunt procedure is contemplated, we 
recommend that the interatrial obstruction be relieved at the 
time of pulmonary artery surgery. 
The long-term outlook for patients with left A V valve 
atresia is improved by appropriate early medical and surgical 
management. If pulmonary vascular resistance remains low, 
selected patients in this group are suitable candidates for 
long-term palliation with a modified Fontan procedure. 
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